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DISCUSSION OF DREDGED MATERIAL DISPQSAL MODELS AND
THEIR APPLICATION FOR THE LOS ANGELES DISTRICT

PART I: INTRODUCTION

In August 1979, the Los Angeles District of the U.S. Army Corps of
Engineers (LAD) requested that the Waterways Experiment Station (WES)
provide assistance in determining the fate of dredged material after
open water disposal at the San Diego 45 and 100 fathom dispesal sites
shown in Figure 1.

Under the DredgedAMa;eria1’Research Program (DMRP} of the U.S. Army
Corps of Engineers, two numerical models have been developed by Tetra
Tech; Inc. to provide the DMRP with tools to predict the short-term
fate of dredged material discharged in the estuarine enviromment.l
One model is for an instantaneous dump disposal and thé other is for
a continuous: fixed (pipeline) or moving discharge. The development of
these- models was based upon the - Environmental Protection Ageﬁcy's.
XKoh-Chang.model for the: barged. ocean. disposal of wastes.?Z

A major assumption in the models is that once material is deposited on
the bottom, it remains. there; i.e., nefther erosion nor bed 1oad move-
ment of material is allowed. This is the primary theoretical limita-
tion of the models that restricts their usefulness to the study of the
short-term fate of discharged material, other than computer-related
operationail” constraints. ‘

The models have been applied to data collected by Gordon during a
barge disposal operation in the Duwamish Waterway in the State of
Washington and a hopper dredge disposal operation in Lake Ontario.3
Although the models have not undergone sufficient calibration of the

many coefficients contained within and a subsequent verification using
these data to warrant confidence in a quantitative sense, the limited
calibration and in-depth evaluation presented in reference 4 do
justify confidence in a qualitative sense, especially if the material
is properly characterized, and the models are judiciously applied to
adequately represent a real disposal operation. A brief discussion of
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the ‘theoretical structure of the models a1ong‘with the input data
required and output provided are presentad below.

PART II1: THEORETICAL DEVELOPMENTS

In both models, the behavior of the dumped material is assumed to be
separated into three phases: convective descent, during which the dump
cloud or discharge jet falls uﬁder the influence of gravity; dynamic
collapse, occurring when the descending cloud either impacts the bot-
tom or arrives at the level of neutral buoyancy at which descent is

“retarded and horizonta1 spreading dominates; and long-term passive

dispersion, commencing. when the material transport and spreading is
determined more by ambient currents and turbulence than the dynamics
of the disposal operation. Figuée 2 illustrates these phases for the
instantaneous dump model. ‘

Convective-Descent

In the instantaneous dump model, a single cloud is assumed to Dde

released which “maintains a hemispherical shape during convective:

descent. Since the stids concentration in dredged material is
usually low, the cloud is expected to behave as a dense liquid and
thus a basic assumption is that a bouyant thermal analysis is
appropriate. The equations governing the motion are those for conser-
vation of mass, momentum, buoyancy, ﬁo?id particles, and vorticity.
These equations are straightforward statements of conservation prin-
ciples and will not be presented here, In the continuous discharge
model, the flow phenomenon near the discharge opening is that of a
sinking momentum jet in a ¢ross current., Basic assumptions in the
formulation of the conservation equations for the jet convectiaon phase
are that the jet cross section remains circular and that velocity,
density, and material concentration distributions may be approximated
by “top-hat" profiles. '

-

Dynamic Cgllapse

During convective descent, the dumped material cloud or jet grows as a

°




result of entrainment and eventually either the bottom {s encountered
or the density difference between the discharged material and the
ambient becomes small enough for a position of neutral buoyancy to be
assumed. In .either case, the vertical motion {is arrested and a
dynamic spreading in the horizontal occurs. With the exception of
vorticity, which is assumed to have been dissipated by the stratified
ambient, the same conservation equations used in convective descent
but now written for the particular shapes assumgd in dynamic collapse
are applicable. For the case of collapse on the bottom, the only dif-
ference is the inclusion of a frictional force between the bottom and
the collapsing. ¢cloud.. ‘ '

w. . Passive Dispersion

_ 8. When the rate of horizontal spreading in the dynamic collapse phase
becomes less than an estimated rate of- spreading: due- to turbuient dif-
C fusion, the collapse- phase- is terminated.. During collapse, solid-par--
ticles can settie as a result of <their fall velocity. - As these
particles leave the main body of material, they are stored in small
clouds which are characterized by a uniform concentration, thickness,
and position in the water column. these small ¢louds are then allowed
to settle and disperse until they become large enough to be inserted
into the ‘!ong-termhtwo-dimensionﬂ passive dispersion grid positioned
in the horizontal plane. Once small clouds are inserted at particular
net points, those net points then have a concentration, thickness, and
top position associated with them. This is the manner in which the
three~-dimensional (3-D) nature of the problem is handled on a 2-0
grid. Figure 3 illustrates a typical concentration profile at a net
point. Computations on the passive dispersion grid are made using
Fisher's backward convection concept rather than attempting -a-numeri-
cal solution of the governing convection-diffusion equation. In the
backward convection solution technique, a massiess particle at each
1 net point at the present time level is moved backward in time by the
.-‘:’a‘ ambient current to the position it occupied one time step before. The
' ' concentration at the net point it presently occupied is then taken as
a five-point average of the points surrounding its old posi-i:'ion (see
Figure 3). ‘




9.

10.

il.

12,

In addition to the horizontal convection and diffusion of material,
settling of the suspended solids also occurs. Therefore, in addition
to computing a concentration profile at each net point, the amount of
solid material deposited on the bottom and a corresponding thickness
is also determined. A basic assumption in the models is that once
material is deposited on the bottom it remains there, i.e., neither
erosion nor bed load movement of material is allowed. This is the

‘primary theoretical limitation of the models that restricts their use-

fulness to the study of the short-term fate of discharged material.

Model Input Requirements

Input data required fbr the operation of the model can be grouped into
(3) a de;c;iption of the ambient environment at the disposal site, (bH)
characterization of the dredged material, (c) data describing the
dispesal operation,. and (d) model coefficients. Each is discussed in

the following paragraphs.

The: first task. to- De- accompl ished. when apslying the models is that of
constructing a horizontal lang-term grid over the disposal site. Tﬁe
number of grid points should be kept as small as possible but large
enough to extand the grid beyond the area of interest at the level of
spatial detail desired. (Quite-often, it may bde desirable to change
the horizohta] grid after a few preliminary runs. Water depths atc
pub veifontal components of the ambient current must be input at each
net point. Either of the three options of velacity input illustrated
in Figure 4 may be selected, with the simplest case being velocities
at a constant depth disposal site. The ambient density profile at the
deepest point in the disposal site must also be input. This profile
may vary with time but is assumed to be the same at each net point of
the grid.

The dredged material can be composed of up to 12 solid fractions, a
fluid component, and a conservative chemical constituent, {f desired.
For each solid type, 1its concentration by volume, density, fall
velocity, voids ratio and an indicator as to whether or not it is
cohesive must be input. Proper material characterization is extremely

o
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important in obtaining realistic predictions from the models. For
example, field observations have shown that the majority of the solids
settle to the bottom of the hoppers in the case of a hopper dredge
disposal with the resulting density of the upper portion of the hopper
being almost that of the ambient water. If a conservative chemical

.constituent is €0 be <traced, 1its initial concentration and a

background concentration must be given. 1In addition, the bulk density
and aggregate voids ratio of the dredged material must be prescribed.

For the bottom dump model, the pasition of the disposing vessel on the
horizontal grid, the radius of the initial hemispherical cloud, the
depth bequ'the water surface at which the material is released, and
the initial velocity of the ¢loud are required. Normally, the initial
¢loud radius is compyted from the known volume of material. However,
in some cases, it may be desirable to set the radius from geometrical
considerations, e.g., the vessel width. If this is the case, the bulk
density must be adjusted to-reflect the: initial ditution making sure
the resulting cloud contains the exact amount of solid material con-
tained within the vessel. For the continuous discharge- model, the
initial position of the discharge, the vessel's course and speed if
moving, the orientatiorn and depth below the water surface of the
discharge, the radius and flow rate of the fnitial discharge and the
total discharge time must be input.

The models contain- suggested average values for the many coefficients
involved but the user may input other values, if desired. A brief
sensitivity analysis of the more important coefficients in the instan-
taneous dump model is discussed later,

Model Output

As previously noted, the diécharged material is traced through three
phases: convective descent, during which the dump cloud or discharge
jet falls under the influence of gravity; dynamic collapse, occurring
when the descending cloud either impacts the bottom or arrives at the
level of neutral buoyancy at which descent is retarded and horizontal
spreading dominates; and long-term passive dispersion, commencing when
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the material transport and spreading is determined more by ambient
currents and turbulence than the dynamics of the disposal operation.
Output from the models in both tabular and plotted form describing the
movement of the material through each of these phases is provided.

The time history position in the water column, velocity, and size of

the cloud or jet plume is provided at the end of both the convective
descent and collapse phases. In addition, the volume of solids and
their corresponding concentrations as well ‘as the density difference
between the discharged material and the amb{ent are provided, As a

guide in determining dilution rates, the time history of the conser-. _

vative chemical constituent concentrations is also furnished.

PART I11: INPUT DATA FOR MODEL APPLICATIONS AT THE
SAN O1EGQ DISPOSAL SITES

The-Disposal QOperations

A major probplem when attempting to apply the numericai d%sposa} models
to actual disposal operations is that of representing the "real worid"
operation by the idealized conditions assumed in the models. Dispdsal
operations can be approximated in one of three ways within the current
structure of the instantaneous dump model. First, the model can be
applied to a single bin of a disposal vessel with the model output
multiplied by ﬁhe number of bins, f.e., the assumption is made that
the separate dumps do not influence each other. The second method is
to model the complete load as a single instantaneous dump.__As a third
way of modeling a disposal operation, material from one bin is
modeled as a single dinstantaneous dump with material from the
remaining bins “feeding” the bottom collapse of the cloud. This is
accomplished by allowing the collapsing cloud to entrain material
possessing the bulk density of the cloud from a single bin at the
moment of bottom encounter. This is a modification which was made in
order to handle the disposal from a statiomary hopper dredge in Lake
Ontario and is discussed in more detail in reference 4.

®
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The disposal operation at both the 45 and 100 fathom sites is
accomplished from a vessel with a total capacity of 1,500 yd3. There

. are six separate bins of 250 yd3 each. The disposal vessel is essen-

tially stationary during the disposal operation with disposal alter-

nating between forward and rear bins. Each bin contains a pair of
bottom doors that are each 20 ft long and 5 ft wide., With such a bot-

tom opening for the 250 yd3 of material to pass through, the assump-

tion of an dinstantaneous dump from each bin is probably a good
assumption. In addition, since the entire load appears to be a

sequence of six individual dumps as opposed to a more continuous

operation in which the latter bins “feed” the bottom surge, it seems

reasonabie to assume that superposition holds. Thus, the disposal

operation is modeled by considering the disposal of a single bin and
assuming that the computed results can be multiplied by the number of

bins to yield approximate results for the complete oberatiou. In

addition, since the LA District has indicated that a newer type of

disposalivesse1 called a "split hull" barge might be- used. for future-
dispoéa1 opérationﬁ, the complete load has aiso been modeled as -a

single instantaneous dump. '

Disposal Site Information

The instantaneous dump model has been applied at both the 45 and the
100 fathom sites for both a summer and a winter ambient density pro-
file (see Figures-5 and 6). The ambient current is represented by
simple orthogonal velocity profiles for a constant depth {See Figure
4.a). The coordinate system has been oriented such that the X-
coordinate lies along the direction of the current, i.e., 300° magnet-
i¢ direction, therefore, the Z-velocity component is set to z2ero.
These data, along with other input data, are presented in Tables 1 and
2 for the 45 and 100 fathom sites, respectively.

San Diego Harbor Material

Dredged material from North San Diego Bay is disposed at the 45 fathom
site; whereas, the more polluted material from South San Diego Bay is
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disposed at the 100 fathom site. Material dumped at the 45 fathom
site is primarily sandy material. From information provided by the LA
District, it was determined that the material to be disposed possesses
a bulk density of 1.88 gm/cc and is composed of 46 percent sand and 12
percent silt by volume. Material from the South Bay was determined to
have a bulk density of 1.30 gm/cc and is composed of 3 percent sand
and 15 percent silt.- '

Model Coefficients

Only a limited calibration of the dredged material disposal -models
based upoh a comparison of computed results and field data has been
conducted (reference &), Since 'the ambient conditions in that study
are quite different from those at the present disposal siées, it is
not believed the values for the coefficients as determined in
reference 4 are applicable here. '

To provide- some insight into the sensitivity of model results to
various coefficients, a series of runs were made Far an instantaneous
dump of one bin of material at the 45 fFathom sita. . 1% should be
realized that the characteristics of the material being dumped as well
as the depth of the disposal site have a great influence upon such
sensitivity analyses.

The entrainment, drag and apparent mass coefficients in the convective
descent phase, as well as the entrainment, drag and friction coef-
ficients in the collapse phase, have been varied. In a series of tank
tests, JBF ScientificS found that the three convective descent coef-
ficients above are dependent upon the multiple of the liquid limit
(ML) of the material being dumped where the M.L increases as the
cloud of material falls. through the water column. In those tests, the
entrainment coefficient o4, was found to rapidly increase to a value
of 0.285, corresponding to. a ML of 3. A much more gradual increase
up to a value of 0.310 at a M.L of 10 was then observed. As indicated
in Table 3, the model default value is 0.235. The convective descent
drag coefficient was found from the tank tests to decrease from a
value of about 1.0 at a ML of 1 to a value of 0.25 as the ML

L
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. increased to 3. Similarly, the apparent mass coefficient decreased

from a value of 1.7 at a ML of 1 to a value of about 0.40 as the M.L
increased to 3. The default values of the convective descent drag
coefficient, CD, and the apparent mass coefficient, CM, are 0.5 and
1.0, respectively (see Table 3).

As can be seen from Table 4, the computed results are fairly sensitive
t0 ag. The default value of 0,235 is probably okay at the moment of
dump but should be increased as the cloud moves downward through the
water column entraining ambient fluid with a corresponding increase of
the M.L. Increasing. o, above its default value results in the
collapsing cloud rising from the bottom. Physically, it does not seem

that such a phenomena should be allowed. Of course, one could adjust _

other .coefficients to force the cloud to remain on the bottom with the
higher values of gg.  ~

Decreasing the drag*coefficienf (CD) to 0.30.resulted in an execution
mode érror; whereas, increasing its value to 1.0 resulted in an ini-
tial rising of the cloud and-a corresponding termination of the com-
putations. Thus, it can be seen that for particular disposal
operations the model does not operate over unlimited ranges of
individual coefficients. -

Several runs were made in which the entraimmnt (oc), drag (Cprag) and
friction (FRICTN} coefficients in the collapse phase were varied.
Results from these runs are also presented in Table 4.

In summary, model results are of course dependent upon the values
assumed for the coefficients. However, as demonstrated by the results
presented in Table &4, model computations are not overly sensitive to
any of the coefficients, i.e., relatively small changes in individual
coefficients do not produce an order of magnitude change in the com-
puted results. In addition, since there is no-real justification for
selecting values other than the default values, the default values

presented in Table 3 were used for the modeling of the disposal opera-
tions discussed herein.
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PART 1V: MODEL RESWLTS

As previously noted, the instantaneous dump model has been applied at
each disposal site for both a single bin as well as a complete instan-
taneous dump for both a summer and a winter ambient density profile.
As can be seen from Table 5, approximately 30 sec is required for a
Small dump to reach the ocean bottom at the 45 fathom site and about 4

minutes at the 100 fathom sfte. The corresponding ;imes for the large

dump are 16 sec and almost 2 minutes, respectively for the 45 and 100

fathom sites, As can be seen, the ambient density profile has Tittle

influence on the movement of the cloud through the water column. The

major influence of the ambient density shows up through its influence .
on the vertical diffusion of the top of the concentration profile in

the -long-term diffusion phase. A very small density gradient will
prohibit vertical diffusion; whereas, if the density gradient is zero,
the position of the cloud top moves upward by an amount given by
2 \/ZK_;A_,, where Ky is the vertical diffusion coefficient and 2t is
the long-term time s:en. -

At both the 4% and 100 fatnom sites, essentially all of the sand is
deposited within 1,000 ft downstream of the dump. This is true for
both small and large dumps under both summer and winter conditions
(see Table 6). '

From an inspection of Table 7; it can be seen that at the 45 fathom

site 85 percent of the silt from a small dump will be deposited within -

about 2,200 ft downstream of the dump site for both a summer and a

winter dump. Approximately the same results are aobtained for a large

dump under winter conditions. However, only about 65 percent is
deposited within the same distance for a large summer dump. 1t
appears this 1is because the top of the cloud has moved above the
ambient stratification over the bottom 30 ft into the constant density

regime (see Figure 5). The model now allows for a vertical growth
which results in .2 larger distance for the siit particles to fall
befare deposition and thus less deposition within a given time frame.

)
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31. At the 100 fathom site, all of the silt is deposited within a rela-
tively short distance for both small and large dumps with the summer
profile. This is because the stratification over the bottom 60 ft
prohibits vertical growth and rapid deposition of the silt occurs.
However, under the winter profile presented in Figure 6, vertical dif-
‘fusion is allowed which results in only about 54 percent of the silt
from a small dump being deposited within 1,600 ft downstream of the
dumping point within 5,000 sec after the dump and about 85 percent
from a large dump wi thin the same spatial distance and time frame. _

! .~ 32. As indicated in Table 8, suspended silt concentrations are in the
neighborhood of 10-5 to 10-6 gm/cc after 5,000 sec. It should be
remembered that with superposition assumed, the concentrations pre-
sented for a small dump should be mu‘lltip'lied by six to refliect
approximate resu}ts of the complete disposal operation. The suspended

= silt coricentrations extend from the ocean floor upward as high as

" 150-170 ft, depending upon the ambient_, stratification near the bottom.
After 5,000 sec, the leading edge of the suspended silt cloud at thne
45 fathom site is about 2,600 ft from the dump point, except for the
large summer dump where the distance is 5,400 ft. In this case, the
cloud top has moved 150 ft into the water column which resylts in the
centroid of the cloud being advected by a larger ambient velocity with

- a corresponding greater movement.of the cloud in the direction of the
current. Due to a much smaller ambient current at the 100 fathom
site, the maximum extent of the leading edae of the cloud is only
about 2,100 ft, after 5,000 sec. '

33. As a final note, it should be remembered that particle fall velocities
were used for both the sand and silt fractions. If the material had
been assumed to contain clumps of cohesive material with much larger
fall velocities, a corresponding larger percent of the solids would
have been deposited within the time frame tested.

‘ . PART V: LIMITATIONS OF MODEL RESULTS
= )

34. Two different disposal operations have been modeled. The first in
essence consists of six individual dumps and is modeled by neglecting




the interaction of the separate dumps and assuming superposition
applies. The other is a disposal from a "split hull" barge and is
modeled by assuming the complete load 1is discharged essentially
instantaneously. 1t should again be emphésized that a major problem
in the use of the dredged material models is the representation of the
actual disposal operation by the idealized conditions assumed in the
models. Proper characterization of the mater{al and specification of
- ambient conditions are also extremely f{mportant. For example, if a
significant portion of the material had been composed of "clumps” with
a fall velocity of perhaps 1.0 to 2.0 fps, the results would have been
quite different as far as the percent of material deposited within 2

small distanca from the dump. In addition, the ambient density

gradient near the bottom is very important in determining the vertical
diffusion of suspended sediment. A zero gradient allows for a rapid
diffusion upward which in turn increases the probability of the
suspended material deing swept from the disposal site- if the ambient

current is significant. 1t is important o s:reés that zuantitative
re]iancé‘shduld not be:placed in model predicfibns due :0. uncarzain-
_ties associated with the specification of approp%iate model <coef-
ficients, the ambient density profiie, the characterization of zthe
dredged material and the approximéte method employed for representing
the disposal operation. However, it is believed that model p?édic-

tions do provide a qualitative picture of reality and should be useful
. in helping to assess the environmental impact of a disposal operation.

@
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TABLE 1. INPUT DATA FOR 45 FATHOM SITE (LA4)

30
30

Number of grid points in Z-direction

"

Number of grid points in X-direction
Grid spaéing = 50 ft and 300 ft (2 runs)
Water depth = 270 ft

Depth of discharge = 20 ft

Bulk density = 1.88 gm/cc

Long term time step = 1000 sec

Dump size = 250 yd3 and 1500 yd3 (2 runs)

Characterization of Material

Description Density Concentration
gm/es BarTas]

Sand. 2.6 T 0.46

Silt 2.6 0.12

Ambient Conditions

Depth ~ Density X-Veloci.ty
ft gm/cc ft/sec
. Summer Winter

0.0 1.025 1.025 1.8
60.0 1.025 1.025
120.0 1.026 1.025 1.8
180.0 1.026 1.025
240.0 1.026 1.026 1.0

270.0 1.027 1.026 0.0

Fall velocity
ft/sec

0.07
.01

- Z-Velocity
ft/sec




TABLE 2. INPUT DATA FOR 100 FATHOM SITE (LA S)

Number of grid points in Z-direction = 30
Number of grid points in X-direction =.30
Grid spacing = 50 ft and 300 ft {2 runs)
Water depth = 600 ft

Deﬁth of discharge = 20 ft

Bulk density = 1.30 gm/cc

Long term time step = 1000 sec

Dump size = 250 yd3 and 1500 yd3 (2 runs)

Characterization of Material

Descfiption Density . Concentration
am/ce fri/fed

Sand 2.6 0.03

Sitt 2.9 0.1%

Ambient Conditions

Depth Density : X-Yelocity
f£ gm/cc ft/sec
Summer Winter

0.0 1.02% 1.025 0.49
60.0 1.025 1.025
120.0 1.026 1.025
180.0 1.026 1.025
240.0 0.49
300.0 1.026
540.0 1.026 0.18
600.0 1.027 1.026 0.0

Fall Yelocity
ft/sec

0.0
3.2

o

Z-Velocity
ft/sec

6.0

-

f
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- TABLE 3. DEFAULT VALUES OF INSTANTANEOUS DUMP MODEL COEFFICIENTS
Coefficient Default Value
%o 0.235
B B 0.0
Cm 1.0 -
co :  0.50
.Y 0.25
CDRAG 1.0
CRFIC , 0.01
CD3 0.10
CDa 1.0
s e . - 0.001
ndd | FRICTN 0.01
. FLfb"' 0.10
an ~ 0.005
Ay 0.005
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TABLE 4. SENSITIVITY ANALYSIS

Coefficients Varted : Computed Results

e O 9c  Coprag FRICTN| %o Rep Voo tcoly - Acoll bEoil Svpgyy
0.235 1.0 0.50 0.001 1.0 0.0t10 26.0 .60.7 4.86 340 1.26 916 50 bl
0.30 - - - - - Uy 2.2 319 470 1.52 1082 3 hkk
0.40 - - - - - 39.5§ 68,9 2.18 612 . 1.98 1296 52 ek
0.50 - - - -+ 48.0 106.0 2.1§ 689 2.49 14719 65 ok

- - 0.30 - - - Execution Error

- - 1.0 - - - Rises lnitially

- 0.80 - - - - Rises Initially

- 1.7 1.0 - - - 38.2 60.8 3.58 KLY I 1.29 908 50

- - - 0.0025 - - 26.0 60.7 4.86 isi 1.36 994 ki) .

- - - 0.005 - - . " . 443 1.52 1120 29 L.

- - - 0.010 - - " - “ 685 1.82 1369 15

- - - 0.020 - - v " " 169 2.36 1813 12 h

- - - 0.040 - - * . - 1134 3.36 2615 7 kb

- - - - 5.0 - . “ . 610 2.48 618 - 60

- - - - - 0.10 = “ - kLX) 1.32 891 54

- - - - 5.0 0.10 “ “ * 11 2.18 580 86 .

- - - 0.040 §.0 0.10 » “ " 1151 4.07 1128 21 bl

- - - 0.040 §.0 0.075 - * * 1151 4.12 1088 22 hkkk

- - - 0.040 §.0 0.005 - “ " 1083 J.20 3N 7 bafake
L .

ag - Convective descent entratnment coeff tcg - Time to hottom encounter, sec

Cn - Apparent mass coeff ’ 'ch - Radius of cloud at bottom, ft

Cp - Convective descent drag coeff .ch - Veloclty of cloud at bottom, fps-

2. - Collapse entrainment coeff ' ey - Time to end of collapse, sec

Copac - Collapse drag coeff, Acgly - Hax thickness at end of collapse, fu

FRICIN - Bottom friction coeff Beatry - Clond dlaweter at end of collapse, ft

SVeatt - Yolume of solids In cloud at end of collapse, ftd

*+ _ Default values of coeffictents
sk _ Collapsing cloud has risen off botion
sk _ Collapse phase has not terminated and cloud Is of f bottom

| m : ‘ j




TABLE 5.

Time
{sec)

29.87
©29.87
16.12
16.00
230.00
258.40
107.33
108.87

BOTTOM ENCOUNTER INFORMATION

Radiﬁs

(ft)

67.57
67.61
78.68
78.45

139.29

138,89
150.43
149.80

Velocity

(ft/sec)

R
4.64

10.00

10.02
1.26
1.06
2.93
2.83

Site

45 (LA 4)

100 (LA 5)

Dump
Type

vSmaTl

Large

Small

Large

"

- Season

Summer
Winter
Summer
Winter
Summer
Winter
Summer

Winter




TABLE 6. DOEPOSITION OF SAND*

Time Radius Céntroid % of Dump

(sec) (ft) (ft) . " Total Site Type Season
1000 465 165 100 . 45 (LA 4) °  Small Summer
1000 465 160 100 " . Winter
1000 650 123 . 100 - " Llarge  Summer
1000 650 131 100 " . Winter
1000 550 113 100 100 (LA 5) Small Summer
1010 450 - 180 30 . " Winter
2020 770 260 98 " o Ainter
1000 775 85 100 | " Large Summe r

1000 775 80 98 * " Winter

" * See Figure 7.
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TABLE 7. DEPOSITION OF SILT*

Time Radius Centroid % of Dump
{sec) (ft) {ft) . Total Site Type Season
1000 495 150 24 45 (LA 4) Small Summer.
2000 865 450 - 53 " " "
300G 1015 600 68 " " "
4000 1150 725 78 » u v
5000 1350 825 84 " " "
1000 520 . 150 24 45 (LA &) Small Winter
2000 865 440 55 " "o "
3000 1015 . 580 68 " " "
4000 1200 no 78 " " "
5000 1380 - 820 8¢ " " "
1000 845 70 38 45 (LA &) Large Summer
2000 1220 210 83 “ " "
3000 1445 A 315 59 " * "
4000 1665 ' 420 62 " " "
5000 1870 520 65 " " "
1000 845 140 26 45 (LA &) Large Winter
© 2000 1135 370 53 v " "
3000 1375 £30 67 : oo o Co
4000 1585 8§78 7T " " "
5000 1728 800 84 " " "
1000. 585 175 60 100 {LA §) Small Summer
2000 865 175 100 " " "
1010 500 190 6 100 {LA 5) Small Winter
2020 865 - 295 35 " " "
3030 985 320 48 " " "
4040 1110 350 50 " " .o
50560 1210 365 54 " " "
1000 1095 115 91 100 (LA 5) Large Summer
2000 1395 115 100 " " "
1000 109§ 145 65 100 (LA 5) Large- ' Winter
2000 1395 150 79 " " "
3000. 1405 155 82 " “ "
4000 = 1405 160 - 84 b " "
5000 1405 . 160 8t . " "

* See Figure 7.




TABLE 8. SUSPENDED SILT INFORMATION*
Time Cmax DMAX  TMAY>* CMIN OMIN  TMIN** Dump
{sec) {gm/cc) (fL) . (ft) (gm/cc) - (ft) (ft): Site Type Season
2000  4.7X10-5 600 32 0.13X10-5 1500 32 45 (LA 4) Small Summer
3000 2.6X10-5 12000 33 0.08X10-6 2400 33 " " "
4000°  1.5x10-5 1800 34 0.10X10-6 3000 34 u " "
5000  9.6X10-6 . 2400. 32 0.13%10-6 3600 32 » " »
2000  4.2%X10-5 00 33 0.10X10-5 1500 33 45 (LA 4) Small  Winter
3000  2.6X10-5 1200 32 0.10x10-5 2100 32 " " "
4000 1.5%X10-5 1800 31 0.10X10-6 3000 31 w "
5000 7.8X10-6 2400 34 0.08X10-6 3600 34 " "
2000  6.8X10%5 1200 1 0.08%X10-5 1800 31 45 (LA 4) Large Summer
3000 2.9X10-5 1500 131 0.08%10-5 2700 33 " " u
4000  2.2X10-5 2400 152 0.03X10-6 4200 33 " “ "
5000 1.8X10-6 3600 151 0.05X10-6 5400 33 " " "
2000  14.3X10-5 s00 31 0.05x10-% 1800 34 45 (LA 4) tLarge Winter
3000  9.1x10-5 1200 33 0.10X10~5 2400 33 " " "
4000  6.0%10-5 1800 32 0.10X10-5 3000 22 » w "
5000  .9x10-% 2100 32 0.08X10-5 3600 k3| " " "
725 18.1X10-5 228 8.2 - - - 100 (LA 5) Small . Summer
2000 0.0 - - - - - n u w
2020  3.4X10-5 300 64 - 0.03x10-5 1200 58 100 (LA 5) Small Winter
3030 1.7x10-5 300 94 0.18%X10-6 1500 102 " " "
4040 9.,9%10-6 600 129 0.10X10-6 1800 137 " " "
5050  5.7X10-6 900 167 0.08X10-6 2100 172 u " u
891 15.6%10-5 160 3.44 - - - 100 (LA 5) Large Summer
2000 . 0 - 0 - - - - - - " 1 u
2000  1.9%X10-5 0.0 63 0.10X10-6 1500 52 100 (LA 5) Large Winter
3000 10.4%10-6 300 93 0.03X10-6 1800 87 . " "
4000  6.8%10-6 300 126 0.03%10-6 2100 133 " " "
5000 600 162 0.16X10-6 2100 167 . " "

4.7x10-6

* See Figure 8.
** TMAX and TMIN are the thickness of the maximum and minimum concentrations,
respectively.
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